Prostate cancer is the third most common cancer worldwide, and the burden of the disease is increased. Although several chemotherapies have been used, concerns about the side effects have been raised, and development of alternative therapy is inevitable. The purpose of this study is to prove the efficacy of dietary substances as a source of anti-tumor drugs by identifying their carcinostatic activities in specific pathological mechanisms. According to numerous studies, dietary substances were effective through following five mechanisms; apoptosis, anti-angiogenesis, anti-metastasis, microRNA (miRNA) regulation, and anti-multi-drug-resistance (MDR). About seventy dietary substances showed the anti-prostate cancer activities. Most of the substances induced the apoptosis, especially acting on the mechanism of caspase and poly adenosine diphosphate ribose polymerase (PARP) cleavage. These findings support that dietary compounds have potential to be used as anticancer agents as both food supplements and direct clinical drugs.
Introduction
Cancer is one of the major causes of mortality in the world and prostate cancer is ranked as the third most commonly diagnosed cancer in the world [1] . Chemotherapy is one of the commonly used therapy with surgery, radiation therapy, immunotherapy, and hormone therapy for treating prostate cancer. However, severe side effects of the drugs such as neutropenia, stomatitis, mucositis, diarrhea, and emesis have been widely reported [2] . The examples of cruel adverse-effects of chemotherapy can be found in docetaxel (taxotere) and cabazitaxel (jevtana), which are used for prostate cancer [3] . These two medications showed the edema, hypersensitivity, neurotoxicity, etc. in prostate cancer patients [4] . As a result, there are growing demands for development of new therapeutic drugs and prevention methods that have minimum damage with maximum effects against prostate cancer from various materials, including food.
Food contains various compounds that regulate human physiological activities by mediating target signaling pathway [5] . These bioactive compounds, also called natural compounds, affect the incidence and prognosis of human diseases, including arthritis [6, 7] , Alzheimer's diseases [8, 9] , and cancers [10] [11] [12] [13] [14] . A variety of compounds such as vitamin D, curcumin, lycopene, sulforaphane, epigallocatechin-3-gallate (EGCG), resveratrol, and piperine were reported to have potential anticancer effects [15] . Recent studies indicated that these compounds work as both supplements, which prevent the risks of cancer and direct anticancer drugs, which induce the apoptosis of cancer cells [16] . Curcumin, a representative example, was found to interact with miR-21/phosphatase and the tensin homolog mediated by this dietary compound resulted in a decrease of Bcl-2, Bid, acinus and an increase in Bax, Fas-associated protein with death domain (FADD), TNF-related apoptosis inducing ligand (TRAIL), cleavages of PARP and caspase-3, -6, -8, and -9 [43] . Punicalagin is a dietary substance derived from Punica granatum Linne., which has been known to have anticancer activities in lung, breast, and cervical cancers. It was elucidated that the compound (100 µM) up-regulated the expression of c-caspase-3 and -8 in PC3 cells [44] . Physlain A and B are steroid compounds extracted from Physalis alkekengi Linne., a traditional Chinese herbal medicine, which is also used for medication of cancer. The compounds (5, 10 , and 16 µM) suppressed the t-PARP and procaspase-3, and increased the c-PARP and c-caspase-3 [45] . Schizandrin (1) derivatives were extracted from Schisandra grandiflora Wall. The compounds (1 and 2 µM) induced the apoptotic effect in DU145 cells by cell cycle arrest, which eventually led to apoptotic results on prostate cancer cells [46] . Scutellarin is derived from Scutellaria altissima Linne., a common traditional Chinese medicine used for inflammatory diseases. Treatment of scutellarin (200, 400, and 600 µM) increased the cleavage of caspase-3, -9, and in PC3 cells [47] . Solanine is one of the main steroidal glycoalkaloids of Solanum nigrum Linne. Solamine (10-160 µM) was treated to DU145 cells and induced p38 pathway, p-ATF2, and Bax. However it resulted in a down-regulation of the expression level of Bcl-2. Furthermore, it (5 mg/kg) induced the apoptosis in DU145 inoculated six-to-eight-week-old male nude mice [48] . Terrestrosin D is extracted from Tribulus terrestris Linne., which is a medicinal plant distributed in the Mediterranean subtropical and desert climates. It has been used for treating urinary infections, inflammation, and cancer. This substance (2 and 5 µM) activated the apoptosis and increased VEGF secretion in PC3 cells. Moreover, it (25, 50 mg/kg) was discovered that terrestrosin D substantially suppressed tumor growth in the in vivo PC3 xenograft model [49] . Tetrandrine is a bisbenzylisoquinoline alkaloid purified from the root of Stephania tetrandra S. Moore. This compound (2.5, 5.0, and 10.0 µM) triggered the caspase-3 activity, expression of c-PARP and Bax, and suppressed the level of Akt and Bcl-2 in DU145 and PC3 prostate cells [50] . Thalicthuberine was isolated from Hernandia albiflora Kubitzki, an Australian endemic tree. This compound was treated to LNCaP (2.5 µM), CEM (5 and 10 µM), and VCR-R (60 µM), and the results showed an increase in caspase3/7 activity [51] . Triterpenoid plectranthoic acid is a dietary compound derived from Ficus microcarpa Linne. f., a traditional medicine in South Asia especially used for treating type-2 diabetes. When the compound was treated to DU145, PC3 and NB26 cells, up-regulation of Bax, c-PARP and c-caspase3, and down-regulation of Bcl-xl and Bcl-2 was exhibited [52] . Xanthohumol was derived from glands of strobiles of Humulus lupulus Linne., also called hop plants. Combination of xanthohumol (50 µM) and TRAIL induced the cleavage of caspase-8, -9, and -3, activated Bax in LNCaP cells. These findings demonstrated the capacity of xanthohumol as an antitumor agent when used with TRAIL [53] . 3-butenyl isothiocyanate (BITC) is a dietary compound isolated from Brassica juncea Linne. Czen. Increased level of c-caspase-3 and decreased MMP were shown in BITC treated PC3 prostate cancer cells [54] . 6α-acetoxyanopterine was extracted from Anopterus macleayanus F. Muell., an endemic Australian tree. This dietary compound (1.25, 2.5, and 5 nM) induced the cleavage of PARP only against LNCaP cells [55] . Some of the remaining dietary substances were discovered from fungi ( Table 2 ). Artepillin C is a dietary compound derived from cinnamic acid extractions from propolis, a resinous substance produced by honeybees. The formation of DNA fragmentation was shown in artepillin C-treated prostate cancer cells. Meanwhile artepillin C (50 µM) increased the level of c-PARP, c-caspase 3 [56] . Diketopiperazine disulfide glionitrin A is a natural product extracted from Aspergillus fumigatus Fresen. The treatment of this compound (0.75, 1.5, and 3 µM) upon DU145 cells induced the activation of caspase-3, -8, and -9, c-PARP, and Bax, while Bid and PARP expression were decreased. It was further reported that in five-week-old male BALB/c-nu mice treated with glionitrin A (5, 10 mg/kg) were shown with decreased tumor size compared to the control group [57] . D-Trp isomerized CJ-15, 208 (cyclo (Phe-D-Pro-Phe-Trp)) is a dietary compound isolated from the fermentation broth of a fungus. Treatment of this compound (10 µM) induced apoptosis in PC3 cells [58] . Malformin A1 is a dietary substance extracted from Aspergillus niger Tiegh. The compound (150 nM) triggered the activations of c-caspase-3, and c-PARP, meanwhile a decrease of the level of Bcl-2 in PC3, and LNCaP cells [59] . Viriditoxin is a dietary compound isolated from Paecilomyces variotii fungus, which was derived from the jellyfish Nemopilema nomurai. This compound (0.1, 0.5, and 1 µM) activated the c-PARP, Bax, cytochrome c, and c-caspase-3, and decreased the level of Bcl-2 in LNCaP cells [60] . There are other dietary compounds originated from un-known sources or unique living organisms or organic matter (Table 3) . Heteronemin is a marine sesterterpenoid-type dietary product, which is derived from Hyrtios sp., and is known to possess various bioactivities including the apoptotic effect [61] . Heteronemin (2.56, 5.12 µM) induced apoptosis through up-regulation of c-caspase-3, c-PARP in LNCaP, and PC3 cells. Furthermore, a significant decrease in tumor size of LNCaP tumor xenograft animal model was reported [62] . Bovine milk lactoferrin, a dietary protein extracted from milk, demonstrated a potential therapeutic activity against highly metastatic cancer cell line, PC3. The BLf (175 µM) induced the exposure of phosphatidylserine in PC3 cells. Moreover, the percentage of early and late apoptotic cells of PC3 were increased by BLf exposure [63] . δtocotrienol and γ tocopherol are substances derived from the Vitamin E family. The two substances (10 µM) showed apoptotic activities against LNCaP cells, inhibiting the cell growth, and inducing synergistic effects in apoptosis [64] . Dioscin is a dietary product that possesses various clinical effects. The treatment of dioscin on PC3 cells (5.6, 10 µM) resulted in an up-regulation of c-PARP, c-caspase-3, and Bax, and down-regulation of Bcl-2. Additionally, it was elucidated to have suppressive effect on the tumor growth in a PC3 xenografts model in a dose of 80 mg/kg [65] . LLDT-288 (1, 10 µM) is known to have cytotoxic activity upon human prostate cell lines. It was demonstrated that activated c-PARP, c-caspase 3, and Bax but inhibited NF-κB, caspase-3, -9, and Bcl-2 were shown in LLDT-288-treated PC3 cells. Furthermore, the results of PC-3 xenograft mice models showed that LLDT-288 (5, 10, and 20 mg/kg) induced the apoptotic effect [66] . Pterostilbene is a dietary analog of resveratrol, having metastasis-associated protein 1 (MTA1)-targeted chemopreventive and therapeutic efficacy upon prostate cancer cells. When treated to prostate-specific heterozygous (Pten+/f) and Pten-null (Ptenf/f) mice (10 mg/kg), it increased the activity of c-caspase3, p21 and p27 in LNCaP, and DU145 cells, and p53 acetylation with an increase in Bak. These findings showed the possibility of combinational strategies with Pterostilbene in treatment of prostate cancer cells [67] . The mechanism of dietary compounds reviewed were illustrated and arranged in Figure 1 and Table 4 . 
Bcl-2 ↓ 
Anti-Angiogenesis and Dietary Compounds
Angiogenesis, or neovascularization, is essential to tumor survival and proliferation. Anti-angiogenic therapy has become an important area of research within the last decade in the treatment of cancer. Several studies indicated the anti-angiogenesis effect and mechanism of dietary compounds (Table 5 ). Fucoidan, is a sulfated polysaccharide obtained mainly in various species of brown algae and brown seaweed, is reported to have anti-tumor activity against lung, breast, liver, colon, prostate, and bladder cancer cells. It shows antiangiogenic effects by downregulation of the JAK-signal transducer and activator of transcription 3 (STAT3) pathway and STAT3-regulated genes, such as VEGF, Bcl-xL, and cyclin D1 [68] . Nordihydroguaiaretic acid, a phenolic compound extracted from creosote bush (Larrea tridentate), inhibited the NRP1 expression in PC3 cells, which is a co-receptor of VEGF [69] . Terrestrosin D is a major steroidal saponin derived from Tribulus terrestris L., which is a medicinal plant distributed widely in the Mediterranean. It induced the cell growth arrest and apoptosis by inhibition of NF-κB signaling in liver cancer cells, and that it exhibited the weak cytotoxic effects to normal cells compared to cancer cells. Terrestrosin D inhibited the angiogenesis in PC3 and HUVEC cells, by direct downregulation of endothelial cells proliferation although it increased the VEGF secretion as observed in ELISA analysis [49] . Resveratrol and pterostilbene, a dimethylether analogue of resveratrol, are reported to have anti-angiogenic properties by regulating MTA1, involved in processes related to metastasis, such as invasion and angiogenesis. Importantly, pterostilbene was more potent than resveratrol in mediating an increase in p53 acetylation through inhibition of MTA1. MTA1-knockdown cells were also sensitized by resveratrol and pterostilbene treatment [70] . Guava (Psidium guajava Linn.) leaves are rich in triterpenoids, flavonoids, essential oil, and tannins and are known to exhibit anti-inflammatory, spermatoprotective, and chemopreventive effects. Since overexpression of AKT/mTOR/S6K1 signaling pathway is closely linked with angiogenesis in prostate cancer, the effects of guava leaf hexane fraction on this pathway was observed. As a result, guava leaf not only induced significant apoptotic effects, but also suppressed constitutive activation of PI3K/AKT/mTOR/S6K1 in PC3 cancer cells. Consistent with this evidence, the research also showed that guava leaf could clearly suppress the VEGF expression at a lower concentration of 50 µg/mL [71] . Epigallocatechin-3-gallate (EGCG) is one of the major polyphenol compounds of green tea that has been reported to have anticancer effects against various types of cancers, including prostate cancer. EGCG and its synthetic derivative, the peracetate of EGCG (EGCG-P), were used to investigate the inhibitory effects on CWR22R prostate tumor xenografts. The antiangiogenic effect of the compounds was observed in immunohistochemistry (IHC) staining of CD31, and as a result, alteration in microvessel density was exhibited [72] . Betulinic acid is a pentacyclic triterpene dietary product initially known to have antiangiogenic responses in tumors without identifying the underlying mechanism. It is demonstrated that betulinic acid decreased the expression of VEGF and the antiapoptotic protein survivin in LNCaP cells. Activation of selective proteasome-dependent degradation of the transcription factors specificity protein 1 (Sp1), Sp3, and Sp4 regulated VEGF and surviving activation [73] . (-)-Gossypol, a natural polyphenol from cottonseed, has been identified as a potent inhibitor of Bcl-2 and Bcl-xL. Anti-CD31 immunohistochemical staining showed that (-)-gossypol plus radiation significantly inhibited tumor angiogenesis, thus indicating that it could radiosensitize prostate cancer in vitro and in vivo without exacerbating toxicity [74] . The anti-angiogenesis mechanisms of dietary compounds were illustrated in Figure 2 . 
Anti-Metastasis and Dietary Compounds
Metastasis is responsible for a majority of cancer-related deaths. Tumor invasion to the surrounding tissue and metastasis are resulted from the multistep processes that include proteolytic degradation of the surrounding extracellular matrix (ECM), allowing malignant cells to move into and through the ECM. The epithelial-to-mesenchymal transition (EMT) is the crucial step for cancer cells to initiate the metastasis. Two studies of dietary compounds were reported their anti-metastatic effect in prostate cancer cells (Table 6 ). Decursin and its structural isomer, decursinol angelate are the major pyranocoumarin compounds of the alcoholic extract of the Angelica gigas Nakai root. They have been reported as an effective anticancer strategy by inhibiting the growth of prostate epithelium and neuroendocrine carcinomas in the transgenic adenocarcinoma of mouse prostate (TRAMP) model. Profiling of N-ethylcarboxamideadenosine (NE-Ca) mRNA showed an anti-invasion-metastasis effect by inhibiting Snail2, Twist, Notch1, and Tgfbr2, in the prostate cell line and repressing the Snail2 in Tramp mice [76] . Luteolin (L), ellagic acid (E), and punicic acid (P) are major compounds found in pomegranates. They slowed the tumor progression by inhibition of the PLA2, COX, and AA metabolism pathway. The antimetastatic effect of the compounds is proved by examining the protein levels of CXCR4. As a result, these components exhibited the down-regulation of CXCL12/CXCR4 axis in vivo, and its signaling pathways Gα13, phosphoinositide 3-kinases (PI3K) and p-AKT [77] . The anti-metastatic mechanisms of dietary products were illustrated in Figure 3 . 
MiRNA Regulation and Dietary Compounds
MiRNAs are involved in the cancer progression by regulating the cancer related-molecular events including apoptosis, angiogenesis, and cell cycle control. Modulation of mi-RNAs through dietary products can exert chemoprotective effects on various types of cancers [78] (Table 7) . Major compounds of pomegranate juice, luteolin, ellagic acid, and punicic acid showed enhanced the effects on metastasis through miRNA modulation. In miRNA PCR array analysis, luteolin, ellagic acid, and punicic acid treatment elevated the various anti-tumor miRNAs, including miR144, miR-133b, miR-1, miR-122, etc. [79] . EGCG is polyphenol in green tea, which functions as a direct antagonist of androgen action, modulating the expression levels of miRNAs in tissues from PC3 xenografts model. A notable down-regulation of androgen-regulated miRNA-21 and up-regulation of a tumor suppressor, miRNA-330, in cancers of EGCG treated mice were observed [80] . Green tea polysaccharide is derived from Camellia sinensis L. and was elucidated to have anti-tumor effects against prostate cancer by down-regulation of mi-R93, which was overexpressed in prostate cancer patients. These dietary compounds also induced the apoptosis by the increase of Bax/Bcl-2 ratio and c-caspase-3 protein expression [81] . Swati et al. reported that resveratrol, a well-known anti-cancer natural compound, regulated fifty one cancer related miRNAs according to the miRNA microarrays. Among them, phosphatase and tensin homolog deleted onchromosome 10 (PTEN)-targeting miRNAs, including miR-17, miR-20a, miR-20b, miR-106a, and miR-106b (miR-17-92 and miR-106ab cluster) were down-regulated. PTEN expression was also up-regulated by the resveratrol treatment and carcinogenesis of prostate cancer was repressed [82] . Genistein is a dietary compound included in numerous plant sources such as lupin, fava beans, and coffee. MiR-1260b was more frequently observed in prostate cancer tissues compared to benign prostate hyperplasia. The miR-1260b was significantly decreased with the administration of genistein. Two tumor suppressor genes, sFRP1 and SMAD, were up-regulated by genistein as a consequence of direct regulation of miR-1260b [83] . Curcumin is a polyphenol from Curcuma longa, which is reported to prevent the development of prostate cancer in TRAMP mice as a DNA hypomethylation agent [84] . EF24, one of the many kinds of curcumin analog, showed the enhanced anti-carcinogenic reactions related to NF-κB and miRNA-21 [85] . Through DNA methylation, curcumin activated the silenced Nrf2 gene epigenetically. Soy phytoestrogens, genistein, and daidzein showed the protective effect of soy against prostate cancer by promoting demethylation of GSTP1 and EPHB2 promoter regions in prostate cancer cells [86] . Simultaneous intake of gefitinib and luteolin also induced the increased the expression of miR-630 and miR-5703 in PC-3 cells, exerting cell cycle arrest of prostate cancer [87] . 
Multi-Drug Resistance (MDR) and Dietary Compounds
Multi-drug-resistance (MDR) is a major cause of failure in cancer chemotherapies, which also significantly lowers the recovery rate of cancer patients. Various mechanisms related to the decrease of sensitivity of anti-cancer drugs including ATP-binding cassette transporter family, apoptosis induction, autophagy induction, cancer stem cells, miRNAs hypoxia induction, and epigenetic regulation [78] . Number of compounds derived from dietary products have been suggested as potential solutions to drug resistance (Table 8 ). 6-gingerol, 10-gingerol, 6-shogaol, and 10-shogaol are derived from ginger, demonstrating the anti-tumor effects by suppression of multidrug resistance-associated protein 1 (MRP1) and glutathione S-transferase Pi (GSTπ) protein expression [33] . Scutellarin, which is glycoside isolated from Scutellaria altissima L., which has been used to treat pneumonia, upper respiratory infection, and high blood pressure. The research demonstrated that this compound significantly sensitized PC3 cells to cisplatin, which is one of the major chemotherapeutic agents by exerting DNA damages. The higher level of γ-H2AX expression in the immunofluorescence focus assay was exhibited in GSTπ-exposed PC3 cells [47] . (8R)-3β,8-dihydroxypolypoda-13E,17E,21-triene is a polypodane-type bicyclic triterpenoid isolated from Pistacia lentiscus oleogum resin, stimulating the apoptosis in androgen-independent and chemoresistant PC3 prostate cancer cells both in vitro and in vivo. This compound increased the accumulation of the cells in G0/G1 stage while decreased accumulation in the S phase, whereas docetaxel induced the cell accumulation in G2/M phase [88] . Theaflavins, epicatechin-3-gallate, and epigallocatechin-3-gallate derived from black and green tea sensitized the anti-cancer effect of docetaxel by downregulation of MDR-1 expression [89] . 
Discussion
Prostate cancer is one of the most common tumor types in middle and older aged men [1] .
Although several studies have been conducted to find optimal treatment methods, conventional chemotherapeutic agents showed various side effects such as urinary incontinence, erectile dysfunction, libido loss, bowel problems, breast changes, hot flushes, and fatigue [90] . Thus, the novel methods of therapies are needed, and natural materials have received great interest in this field. In this study, numerous dietary products with antitumor activities against prostate cancer were reviewed. To clarify the causative agent of the anticancer effect, the subject of our research were limited to single dietary compounds. We classified the mechanisms of each dietary compounds into five categories; apoptosis, anti-angiogenesis, anti-metastasis, miRNA regulation, and anti-MDR, which were based on the types of mechanism that suppressed the pathogenesis of prostate cancer. Reflecting the latest research on the mechanism of cancer, we investigated single dietary compounds that exerted anti-prostate cancer activities.
Apoptosis is an important mechanism in regulating homeostasis of cell survival. The defect of this activity is a critical factor of tumor pathogenesis. Thirty-nine dietary compounds were collected and proved to have anti-apoptotic effects against prostate cancer. Studies were mostly dealt with LNCaP, DU145, or PC3 prostate cancer cell lines, with some research including in vivo studies. Induction of apoptosis of the dietary compounds was measured by several factors such as Bcl-2, Bax, PARP, caspases, and c-FLIP. Especially, caspase and PARP cleavage were two main factors that caused apoptosis in prostate cancer cells, which were related with thirty-three and twenty one dietary compounds each. Furthermore, several reports elucidated the apoptotic effects of dietary substances in both cell line and in vivo studies [39, 42, 48, 49, 57, 62, 65, 66] . These studies analyzed the chemical mechanisms as well as verifying actual reactions in organism. Although most reports clearly demonstrated the correlation of dietary compounds and their antitumor effects, some studies only displayed apoptosis phenomena, without specific mechanisms [29, 34, 46, 58, 64] . Additionally, a couple of studies administrated abnormally high doses of extracts upon cancer cell lines, both treated with more than 100 µM of compounds [30, 47] . They may be toxic not only in cancer cells but also in human normal cells at high concentration, additional experiments for measuring stability.
Angiogenesis, a hallmark of antitumor activity, acts abnormally in cancer formation. Nine compounds were collected to have anti-angiogenesis-related mechanisms. Six of the dietary compounds down-regulated the VEGF expression, an important activation factor of angiogenesis. A study with betulinic acid was conducted with both LNCaP prostate cancer cells and LNCaP xenograft models, and it specifically addressed its anti-angiogenetic effects by experimenting with various concentrations [73] . On the other hand, several studies only demonstrated a single mechanism, which was not even an essential factor in the occurrence of angiogenesis, such as the inhibition of Bcl-2 by (−)-Gossypol treatment [74] . These compounds also showed the lower efficacy in the inhibition of angiogenesis in prostate cancer cells.
Metastasis is also an important mechanism in the progress of cancer and cancer-related death. We have collected three compounds that resisted metastasis in prostate cancer cells. Decursin, decursinol angelate, and anthocyanin displayed inhibitory activities of Snail 2 [76] . Snail is an inducer of EMT, which is positively involved in a metastatic cascade of many solid tumors [91] . These two studies adapted various cell lines and confirmed diverse mechanisms that prevented metastasis. Especially, decursin and decursinol angelate also showed the several other mechanisms such as the down-regulation of twist, notch, and E-cadherin. The TWIST family regulates the EMT transcriptome program and are also known to induce the apoptosis. The notch family, which is signaling pathway that mediate the stem cell renewal and regulate EMT. Besides, E-cadherin is one of the most prominent epithelial proteins that characterized EMT and intervenes with activities in the growth and metastasis of cancer [92] . These various mechanisms demonstrated the potentiality of the anticancer effects of the proposed dietary compounds.
MiRNAs are important biomarkers for diagnosis, prognosis, and therapeutic purposes in cancer [93] . Recent studies indicated that miRNA expression and circulation in significantly associated with metastasis and clinicopathological end points in prostate cancer patients [94] . Let-7 families, miR-99a, miR-141, miR-198, and miR-205 are marked as related miRNAs that showed different expressions in prostate cancer cells [95] . Our research found that luteolin, ellagic acid, punicic acid epigallocatechin-3-gallate, and green tea polysaccharides exhibited antitumor effects through miRNAs regulation [79, 80] . Especially, luteolin, ellagic acid, and punicic acid regulated the expression of let-7 families and miR-15a, which are known as tumor suppressive miRNAs [96] . Although the discussion of miRNA and its correlation to cancer has been progressed, there are limitations in utilizing miRNAs in clinical treatment regarding bio instability and off-target effects [93] . At the same time, research on the ways in which dietary compounds could regulate miRNAs is a field that required further investigation.
Lastly, multi-drug resistance is one of the crucial factors that disrupt the efficacy of medicinal treatment of cancer [97] . Previous studies have suggested various chemotherapeutic agents that could reverse MDR, but toxic responses and the decrease in clear efficacy due to an interaction with other pharmaceuticals were the problems. As a result, natural compounds such as tetrandrine and quercetin were referred as a source for the next generation that could solve current problems with multidrug resistance [98, 99] . In this study, four studies were reviewed about multidrug resistance agents for prostate cancer. 6-gingerol, 10-gingerol, 6-shogaol, and 10-shogaol were reported to decrease the expression of MRP1, a protein transporter that controls drug efflux from cancer cells [33, 100] . Moreover, two compounds showed the expression of MDR genes, including MDR-1 and GST, which are correlated with drug tolerant tumor or metastasis [101, 102] . New discoveries of dietary compounds targeting MDR of prostate cancer can be effective measures for the treatment of prostate cancer. Meanwhile, a study conducted with scutellarin, an excessively high dose (200 µM) was used, and its adverse toxic effects were yet to be discovered [47] . Due to the lack of clinical evaluation system and biomarkers, evaluation of multidrug resistance of dietary compounds are limited to in vitro studies. Furthermore, drug interaction between chemotherapeutics and dietary compounds are also factors that require further studies to be continued. However, the role of phytochemicals as epigenetic modulators in regulating carcinogenesis is gaining evidence. Green tea polyphenols were discovered to reactivate tissue inhibitors of MMPs, which are known to accelerate the proliferation of prostate cancer [103] . These findings showed the potential of dietary compounds as effective epigenetic inducers. Yet, additional research needs progress in order to resolve the limitations of establishing specific pharmacokinetic and pharmacodynamics profiles in human administration [104] .
Among the discoveries, two dietary compounds showed two different efficacies against prostate cancer. Scutellarin had both apoptotic and multidrug resistance [47] . Terrestrosin D induced the apoptosis and inhibited the angiogenesis through decrease of endothelial cells proliferation [49] . These discoveries suggest the potential of dietary compounds as an active agent against prostate cancer.
Dietary compounds are potential anti-cancer agents that have protective and therapeutic effects with less side effects. Vegetable and fruits are found to reduce advanced or aggressive prostate cancer, and phytochemicals like lycopene are commonly known to suppress prostate carcinogenesis [105] . Tomato and broccoli are effective dietary ingredients that show anti-tumor activities, including the decrease of tumor proliferation and an increase of apoptosis. Additional effects such as the regulation of serum testosterone levels and tumor size represent the potential effects of dietary therapy for treating prostate cancer [106] . Furthermore, dietary compounds interact with multiple targets, hence can have synergistic anti-cancer effects with conventional therapeutic agents [107] . Based on these reports about the potential effects of natural products, we conducted a new review on dietary compounds that are effects in prostate cancer. Consequently, over seventy dietary compounds were confirmed to obtain antitumor effects upon prostate cancer. Previous studies were only focused on the effects of one type of dietary compound, such as thymoquinone and resveratrol [108, 109] . We categorized the compounds according to their anti-tumor mechanisms in order to elucidate their specific pharmaceutical pathway. In other cases, research has shown how one substance can affect various types of cancer, or how it affects a variety of mechanisms [110] . By focusing on one cancer type, our present review attempted to provide a sufficient database of dietary compounds that could be selected as options for alternative treatments of prostate cancer. Furthermore, the different mechanisms that are related to each compound could provide pharmacological evidence in the use of these compounds as anti-cancer agents.
One of the limitations of this study is that it excluded crude extracts and mixtures of various plant materials. In the medical field, various dietary substances have been used as anticancer drugs, and their forms were variable from a single compound to a complex extract. They were often used in combination with existing chemotherapy. Randomized phase II trial of docetaxel and thalidomide against prostate cancer was conducted with seventy-five patients from 1999 to 2001, demonstrating that docetaxel could increase its therapeutic efficacy through combination with thalidomide [111] . There also has been a randomized phase II study regarding the immunological efficacy of herbal medicines including Hochu-ekki-to and Keishi-bukuryo-gan in combination with personalized peptide vaccination (PPV) for castration-resistant prostate cancer from 2008 to 2014 [112] . The results showed that monocytic myeloid-derived suppressor cells (Mo-MDSC) frequency and IL-6 level were more stabilized by the medicines. Besides, several herbal medicines have shown their effectiveness in reducing side effects of immunotherapy in cancer patients. However, clinical studies still face various limitations such as funding problems and the lack of intervention studies from laboratory studies to clinical research [113] . Considering this clinical background, more detailed studies on anti-prostate cancer effects of dietary substances are necessary.
Even though researches on dietary compounds have progressed enough to make a significant number of outcomes, they still face a variety of difficulties in standardization, drug stability, and toxicity. The difficulty of isolating of active constituents and confirming their targeted effects is one of the problems in standardizing dietary compounds. Results from studies with the same substance may also vary due to the difference in the quality and quantity of materials that are collected. Moreover, the reported effects of natural compounds relatively lack its reproducibility. Depending on the types and conditions of experiments, drugs can result in different consequences. For instance, apigenin is a plant flavone that has been demonstrated to have multiple anti-tumor effects on various cancer types including prostate cancer. However, due to its reduced solubility in water, when administrated in clinical approaches, oral bioavailability was lower compared to previous in vivo and in vitro studies [114] . Another problem of the development of new pharmaceuticals is the unexpected side effects. Docetaxel is a natural compound that showed pro-apoptotic effects related to PARP, beclin 1, and JNK regulations [32] . However, there are also reports about side effects such as neutropenia, hypersensitivity problems, and fluid retention [115] . Although these problems were mentioned to be relieved by supportive measures, further research is necessary to resolve these problems. Hence, safety and stability of dietary compounds are other important matters to consider in case of the possibility of adverse toxic effects. Although dietary compounds in the food have less side effects, but consumption of high concentration of one compound could induce adverse toxic effects. Thus, combination therapy with higher efficacy without side effects could be a solution for the development of novel drugs for cancer. This review could be a reference for those who want to find potent materials to combine for cancer treatment.
The ultimate goal of research on dietary substances is to find effective supplements that prevent and reduce the risks of prostate cancer and reduce the side effects of conventional cancer treatment. In order to utilize these compounds in actual clinical use, additional studies are necessary to select dietary compounds with appropriate doses that have the greatest effect and minimal toxicity when administered to humans. Experiments are also needed to determine reactions that may occur in combination with conventional chemotherapy or with other various natural substances. We expect further research to select representative substances that show outstanding anticancer effects, and to verify the effects on various conditions. Taken together, this study could be base research for data on the discovery of new prostate cancer antitumor drugs.
Methods
Researches regarding the effects of dietary products on prostate cancers were collected from PubMed. Upon searching for relevant studies, prostate cancer, dietary compound, natural product, apoptosis, metastasis, MDR, and miRNA were used as keywords. Then we collected studies that fit into the criteria: (1) Researches based on in vitro or in vivo to prove anticancer effects of dietary product (2) ; researches that demonstrated reliable statistical analysis data (p values that were less than 0.05);
(3) researches that were not upset by subsequent studies; and (4) researches that include experiments with natural-derived compounds. The family names of dietary products and herbs mentioned in this review are based on a reliable source. Dietary product-derived compounds in this review were double-checked from the NCBI PubChem website for precision.
Conclusions
Our study reviewed the single dietary compounds that showed anti-tumor activities against prostate cancer. The dietary compounds showed anti-cancer efficacies through several mechanisms and the possibility of natural products is demonstrated as important sources of advance control and treatment for prostate cancer. We expect that the results will be utilized as an academic foundation for developing novel drugs with less side effects that can be practically used in dietary supplement as well as clinical treatments. 
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